The review deals with modern methods of assessing the severity and predicting the outcome of polytrauma. To solve the problem of objective evaluation of polytrauma severity, numerous studies are devoted to the search for independent predictors of its outcome, many of which are included in various scales and statistical models to quantitatively rank the severity of injury in the established intervals and calculate the survival probability. It is generally accepted to take into account the anatomical criteria to determine the severity of damage, and physiological parameters that characterize the response of the body functional systems to the damage. Age, sex, comorbidities, various clinical parameters, indices of acidosis, coagulopathy, oxidative stress, inflammatory response, timely diagnosing and the quality of treatment, the need of rendering various types of emergency aid are considered as independent risk factors of fatal polytrauma outcome.
In trauma distribution of recent decades, the proportion of severe multiple and combined trauma has increased substantially, with the injured population basically involving people of employable age. Treatment of such trauma requires enormous financial expenditure and mortality from it amounts to 30-80% [1, 2] . The variety of combination of body injuries and disorders occurring in polytrauma, the necessity to make quick decisions on diagnosis and treatment dictate the need for trauma severity classification. However, there is still no unified system of trauma severity evaluation, no clear widely-accepted objective criteria for reliable prognosis of trauma outcome, which complicates the selection of treatment policy, solving the problems of clinical and expert evaluation, medical care organization and financing [3, 4] .
Criteria for polytrauma and its severity
The term "polytrauma" is widely used in European countries, the terms "multiple trauma" or "severe injury" are more often applied instead of it in the USA. Today, the term "polytrauma" describes severe multiple and combined injuries [5, 6] . However, there is no agreement of opinions concerning trauma severity assessment criteria able to classify the injuries as polytrauma. When stratifying polytrauma patients, many authors rely on damage severity ranked on a scale of 16 and more with 17-25% risk of fatal outcome according to ISS (Injury Severity Score) [7, 8] . Others [9] consider the presence of several injuries assigned 2 scores in no less than two anatomical regions according to AIS (Abbreviated Injury Scale) to be relevant for diagnosing polytrauma. The international expert group suggested enhancing these anatomical criteria by the presence of at least one of the following physiological indices: 1) hypotension 90 mm Hg; 2) level of consciousness 8 scores according to GSC (Glasgov Coma Scale); 3) acidosis with base deficit -6.0; 4) coagulopathy with partial thromboplastin time 40 or international normalization ratio (INR) 1.4; 5) age over 70 years. Such polytrauma definition covers nearly 60% of all severe multiple trauma cases. When adding any of the five pathophysiological parameters, the predicted mortality level increases up to reviews 35-38% and equals 86% among the patients presenting with all five factors [2, 10] .
To solve the problem of objective trauma severity evaluation, numerous studies have been devoted to the search for independent predictors of fatal outcome, many of which are included in various scales and statistical models to quantitatively rank trauma severity in the established intervals and calculate survival probability. There are more than 50 various scales, but only those most effective and easy-to-use have been discussed in the literature [11] .
Comparative assessment of scoring systems as to their effectiveness and predictive precision is carried out according to several statistical criteria. The method of logistic regression is used to determine the outcome probability and correlation between the outcome and its predictors. Quantitative analysis of scale calibration capability is based on comparing the distributions of expected and observed mortality and carried out according to the Hosmer-Lemeshow test. Discrimination ability of prognostic scales based on their sensitivity and specificity is determined by ROC-analysis (receiver operating characteristic curve) with calculating AUC (area under curve) which illustrates predictive value of the scale [12] . When using prognostic systems with a large number of variables, the problem of data insufficiency often occurs. In such cases, statistical MI (multiple imputation) methods allow scoring to be carried out without significant loss of predictive precision [13] .
When evaluating polytrauma severity, it is generally accepted to take into account the anatomical criteria to determine the severity of damage, and physiological parameters that characterize the response of the body functional systems to the damage. Morphological component of polytrauma is relatively stable, while physiological indices are labile and capable of change in the course of treatment and in different periods of traumatic disease.
Injury severity evaluation
The most commonly used scoring system for evaluating trauma severity is AIS scale and ISS scale for which AIS is the basis. AIS scale ranks injuries from 1 to 6 scores, with score 1 being minor injury, score 2 -moderate, score 3 -serious non-life-threatening injury, score 4 -severe life-threatening injury, score 5 -critical injury with survival uncertain and score 6 -non-survivable injury. However, polytrauma severity evaluation with assigning the maximum score or summing AIS scores is not consistent with trauma outcomes and is not suitable for prognosis.
In ISS scale, trauma severity is calculated as the sum of squares of AIS codes awarded to three most severely injured body regions, i.e. the linear correlation of trauma severity with the injuries present is replaced by the square one [14] . By doing this, prevalence of the most severe injuries is determined. Evaluation according to ISS scale is in positive correlation with mortality and reflects the severity of injuries in polytrauma more objectively [1, 15, 16] [19] . Mortality in trauma scored ISS 40 is the highest and equals 65% [20] .
Only one most severe injury within one body region is taken into account in ISS scoring system, while other prognostically relevant injuries remain uncounted, which leads to imprecise evaluation of polytrauma severity. This shortcoming is leveled to some extent in NISS (New Injury Severity Score) and APS (Anatomic Profile Score) scales. In NISS scoring system, trauma severity is calculated by summing the squares of scores awarded to three most severe injures irrespective of their localization [21] . NISS scoring system provides higher accuracy in predicting mortality from polytrauma than ISS [22] , especially, in blunt trauma and among patients in critical condition [23] [24] [25] , but it is not suitable for evaluating the injured in borderline condition [26] .
In APS scoring system, trauma severity and survival probability are calculated based on the logistic regression equation taking into account injuries scored AIS >3 in three categories: A -injuries to the head and the spinal cord, В -chest and neck injuries, С -all other injuries of the same severity [27] . However, due to higher calculation complexity, APS scale has not replaced ISS.
In ICISS (the International Classification of Diseases (ICD-9) 9 th Edition Injury Severity Score), trauma severity is scored based on SRR (survival risk ratios) assigned to each found injury coded in ICD-9. In turn, SRR ratios are calculated by dividing the number of survivors by the total number of patients with this specific trauma [28] . Yet, independent SRR can be calculated only for the patients with isolated injuries, while many types of trauma are seldom present separately from other types in reality. Besides, AIS terminology describes injuries more accurately than ICD-9 codes. The data on ICISS classification effectiveness in mortality prediction are contradictory compared to ISS and NISS [23] .
TMPM model (Trauma Mortality Prediction Model) is based on empiric evaluation of five most severe injuries СТМ ∫ 2017 -vol. 9, No.2 209 reviews calculated by the method of regression modeling using AIS or ICD-9 terminology [29] . TMPM model predicts mortality more accurately than ISS, AIS, NISS and ICISS systems [22, 25, 30] .
Thus, some scoring systems analyze all injuries revealed and others evaluate only the most severe ones. There is no agreement of opinions as to which approach is more relevant for trauma outcome prediction. Certain types of injuries are also independent predictors of fatal polytrauma outcome: compound fracture of pelvic bones [31] , spine and spinal cord injury in combined TBI [32] , bilateral pulmonary contusion and rib fracture in combined chest injury [33] , severe TBI or severe chest injury in combined pelvic trauma [34] [35] [36] .
Evaluating the severity of functional disorders
Anatomical scoring systems do not reflect the functional state of the patient, which allows no correct stratification of patients with polytrauma according to fatal outcome risk [37] .
GCS scale ranks the level of consciousness on a scale of 2 to 15 scores according to clinical parameters: eye opening, verbal response and motor response [38] . High sensitivity (79-97%) and specificity (84-97%) of the scale is observed in evaluating TBI severity and predicting death in polytrauma [32, 39, 40] . GCS score 8 indicates severe TBI. In combined chest injury, GCS score <13 is considered to be a reliable predictor of unfavorable outcome [41, 42] . However, assessment of clinical parameters by GCS scale is quite subjective, which leads to variability of calculation results.
When a patient is admitted to the hospital, hypertension with systolic arterial blood pressure below 90-100 mm Hg due to blood loss and shock has been established to be an independent predictor of fatal outcome in presence of any trauma scored ISS >16 [7, 43] , severe combined chest injury [33, 41, 42] , abdominal injury [40, 44] or pelvic injury [35, 36] . According to other data, heart rate and systolic arterial blood pressure level are no death predictors when considered separately, but shock index calculated as their ratio shows itself as a strong predictor of fatal outcome in elderly injured patients, if its value equals 1 and more [45] . However, in polytrauma, shock index has no significant relevance for evaluating trauma severity and blood loss as shock index value is considerably affected by comorbidities, alcoholic intoxication and some injuries, particularly, TBI [46] . For example, in case of combined TBI, both systolic arterial blood pressure above 160 mm Hg on admission [47] and arterial hypotension events [32] are considered to be predictors of fatal outcome.
RTS (Revised Trauma Score) provides evaluation of the patient's conscious state according to GCS scale, systolic arterial blood pressure level and respiration rate. The sorting variant of the scale is more often used at pre-hospital stage and it is based on simple summing the coded parameter values. In the explorative variant, survival probability is calculated based on the logistic regression equation using the coefficients allowing taking into account the contribution of every indicator to the outcome [48] . RTS scale is effective in predicting mortality in polytrauma [24, 41] , but it is inferior to ISS in this respect [7, 15] .
The signs of acidosis, hypothermia and coagulopathy combined in the term "the lethal triad" evidence inadequate tissue perfusion, decompensation of homeostatic mechanisms with the threat of multisystem failure development and fatal polytrauma outcome [49, 50] . "The lethal triad" in polytrauma is associated with sustained severe traumatic injuries (ISS 30-35 scores) and considered to be an independent predictor of unfavorable outcome [51] . Mortality among the injured with "the lethal triad" amounts to 48% and with INR higher than 3.2 this figure reaches 100% [52] .
Certain components of "the lethal triad" such as acidosis with blood рН below 7.2 [43], hypothermia below 35°С [44, 53, 54] or hypocoagulation [55] [56] [57] [58] are also independent risk factors for unfavorable outcome. Hypothermia is associated with such polytrauma death predictors as blood loss, acidosis and coagulopathy [59] . Therefore, some authors consider hypothermia to be no independent risk factor for unfavorable outcome [53, 60]. Many researchers determine the level of coagulopathy in polytrauma by INR increase. In such event, the threshold INR value relevant for prediction varies and, according to different data, amounts to more than 1.2 for children [61] , more than 1.3 [59] or more 1.5 [62, 63] . Besides, thrombocytopenia intensity, decrease the level of factors II and V [64] and fibrinogen (less than 2.29 g/L) have practical value for predicting unfavorable outcome and identifying the severity of the state in polytrauma [65] . Decrease in the ionized calcium content in venous blood less than 0.3 mmol/L and increase in activated partial thromboplastin time more than 59 s is associated with lethal outcome in degree III traumatic shock [49] .
The indicators of base deficit, INR and GCS score are included in pediatric trauma BIG score which predicts unfavorable outcome of polytrauma quite accurately in adults as well, particularly, in trauma with penetrating injuries [12] .
Coagulopathy and acidosis are associated with the level of blood lactate which also correlates with the severity of multisystem failure and mortality in polytrauma [34, 39, 66 ]. Some authors consider the level of blood lactate higher than 2 mmol/L relevant for prognosis [67] , others find this value higher than 4.1 mmol/L to be predictive [49] .
Total cholesterol level has been found to decline with trauma severity increasing, but only its subsequent increase to more than 90 mg/L in trauma scored ISS 20 is considered to be a predictor of unfavorable outcome [68] . Corticosteroid insufficiency has been revealed in 53% of polytrauma patients and considered to be related to their critical condition. Yet it is not low initial cortisol reviews level that is associated with unfavorable outcome, but the difference in its values after stimulation with adrenocorticotropic hormone of less than 9 µg/dl [69] . Serum cystatin C level increase to more than 0.93 mg/L correlates positively with severity of injuries according to ISS and mortality in polytrauma [70] . Ustyantseva et al. [71] consider the levels of apolipoprotein fractions used to determine compensated, sub-compensated and decompensated conditions to be the most informative metabolic parameters for severity evaluation in polytrauma patients.
Among oxidative stress indicators, only the serum levels of total oxidative status (hydrogen dioxide), but not total antioxidant capacity (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), correlated with mortality and severity of multiple blunt trauma identified according to ISS and RTS scales [72] .
Hemoglobin level is an independent predictor of fatal polytrauma outcome [35, 43] . Erythrocyte count is relevant for predicting 30-day mortality in injured men, but not in women [73] . Total leucocyte count and differential leucocyte count have no predictive value, while the size of blood neutrophils on admission is reported to be a predictor of unfavorable outcome in the first week after polytrauma [74] .
The probability of developing multisystem failure, sepsis and mortality in polytrauma grows with increasing number of criteria for systemic inflammatory response syndrome and its intensity level [75] . The prospects of various immune reaction markers (sIL-6R, pentraxin 3) [76] , IL-1β, IL-8, IL-10 [77] for evaluating severity and predicting complications and outcome in polytrauma are emphasized, but they are inaccessible for assessment and included in no evaluation scale.
The severity of a polytrauma patient's condition is affected by comorbidities which significantly increase the probability of fatal outcome and serve as its predictors [11, 24, 78] . Studying the influence of comorbidities on polytrauma severity and its outcome is complicated by the variety of somatic pathologies. The highest mortality rate in polytrauma (32%) has been observed in patients with diabetes mellitus [79] . Obesity with body mass index 30 is a risk factor for developing multisystem failure and fatal outcome in polytrauma patients [80, 81] . However, body mass index <20 proved to be even more relevant death predictor in polytrauma [82] .
The age of the injured has a certain relationship with the presence of comorbidities as it correlates positively with hospital mortality index in polytrauma and is considered to be an independent predictor of unfavorable outcome by a number of studies [33, 34, 83] . According to some data, the threshold age when mortality among the injured starts to increase significantly is 55 years [13] or 60 years (mortality 41%) [42, 84] , other findings state the age of 65 years (mortality 31-50%) [36, 85, 86] or 75 years (mortality 57%) [57] . In patients with combined trauma over 65 years of age, systemic complications and death occur significantly more often even during the period of relative stability of their state [26] . In patients over 70 years of age, independent predictors of unfavorable outcome are proximal long-bone fractures [87] and spinal injury [88] .
The gender of the injured is not associated with the level of hospital mortality in polytrauma, according to some investigations [40, 89] . Other studies report the frequency of multisystem failure, sepsis, and hospital mortality among men with polytrauma to be significantly higher [11, 90] , particularly, in individuals older than 80 years [88] .
To predict the outcome and evaluate the severity of state in polytrauma patients, it is proposed to apply APACHE II score calculator (Acute Physiology and Chronic Health Evaluation), MODS II (Multiple Organ Dysfunction Score II) [91] , SOFA (Sequential Organ Failure Assessment) [39, 92] , SAPS II (New Simplified Acute Physiology Score II) [93] and MPM II (Mortality Probability Models II) [94] in emergency departments. The given scoring systems involve a large number of various clinical and laboratory parameters, APACHE II, SAPS II, MPM II scales also take into account the age and comorbidities. Applicability of these scales in polytrauma is constantly disputed, they are not injuryspecific and reflect no severity of the damage. For example, in seriously injured patients requiring artificial lung ventilation, the severity of the condition according to APACHE II scale is higher, but the prognosis is more favorable than in non-trauma patients who also need artificial lung ventilation [95] .
As to mortality prediction accuracy in polytrauma, APACHE II scale is superior to ISS, NISS [96] , GCS [97] and is no inferior to SOFA scale [98] . According to other sources, ISS scale is either superior to APACHE II [3] or their data are similar in the efficiency of injury severity assessment and prediction of death risk [99] . APACHE II score of more than 8 points indicates the risk of fatal post-traumatic complications, which requires the patient to be taken to the intensive care unit [100].
Polytrauma assigned NISS and SAPS II scores positively correlates with predicted mortality [101] . When compared to SOFA scale, SAPS II scoring system accurately predicts 30-day mortality, and their combined use in polytrauma improves the accuracy of predicting adverse outcome [93] .
Dubrov et al. [5] have proposed their original scale for evaluation of polytrauma patients' condition severity, including haemogram, hemodynamics, electrolyte and acid-base balance parameters, which allows physicians to score relatively stable and unstable condition of the injured.
Combined systems of injury severity evaluation
A number of prognostic systems used in polytrauma attempt to take into account two types of injury risk, anatomical and physiological.
PTS scale (Polytrauma Score, Hannover) is based on reviews the numerical assessment of injuries in five anatomical areas and age, while the modified version of the scale additionally includes GCS scoring, the Horowitz coefficient (РаО 2 /FiO 2 ) value and the level of base deficit. The total score is assessed against 4 degrees of polytrauma severity: degree 1 -up to 20 points (predicted mortality of 10%), degree 2 -20 to 34 points (mortality 25%), degree 3 -35-48 points (mortality 50%), degree 4 -above 48 points (mortality 75%) [102] . TRISS system (Trauma and Injury Severity Score) allows physicians to calculate survival probability in case of multiple penetrating and blunt trauma by the formulas involving ISS, RTS scores and age (ranked as 55 and <55 years) [103] . TRISS, along with APACHE II and SOFA scales, accurately predicts complications and death in intensive care unit patients [16, 83, 98, 104] . However, some authors have noted low accuracy of predicting unfavorable outcomes in polytrauma according to TRISS scale. According to some data, there is a high proportion of unpredicted deaths when this scale is used [105] . Other findings show that the scale has significantly overestimated the probability of death in polytrauma [26] . TRISS scale proved to be unsuitable for prediction of death in patients with combined injuries of the chest and abdomen in the first days of hospitalization [99] .
GAP system (Glasgow Coma Scale, Age, and Systolic Blood Pressure Score) including GCS scale, age parameters (patients stratified as 60 and <60 years) and systolic blood pressure value is easier to use, no different from TRISS scale and superior to RTS scale in polytrauma mortality prediction [106] .
Unlike TRISS, ASCOT system (A Severity Characterization of Trauma) identifies 5 age groups and uses APS scale instead of ISS. ASCOT scale is characterized by greater survival prediction accuracy than TRISS, especially in patients with penetrating wounds, but it is more difficult to use [107] . According to other data, comparison of TRISS and ASCOT scales reveals no significant differences in outcome prediction accuracy in polytrauma patients [108] .
PS09 scale (Probability of Survival; model 09) includes indicators of ISS, GCS scales, age, gender, the need for intubation and comparable to TRISS scale in mortality prediction accuracy [12] .
In the scoring system, developed at the Department of Military Field Surgery (MFS) of the Military Medical Academy (Saint Petersburg), injury severity is determined by the maximum score of one of the two component parameters: the injury severity according to MFS-I scale (I -injury) and severity of condition calculated according to MFS-CA scale on admission and according to MFS-CH scale in the course of treatment, where C -condition, A -admission, Hhospital [109] . A certain advantage of these scales is the use of clinical and laboratory parameters available for assessment. But it has been found during the comparative analysis that MFS-I and MFS-CA scales are inferior to ISS and APACHE II scoring systems in the accuracy of trauma severity estimation and its outcome prediction [3, 110] .
Pape et al. [64] have distinguished four degrees of condition severity in polytrauma patients based on systolic blood pressure, acidosis (lactate and base deficit levels), coagulopathy (thrombocytopenia levels, factors II and V, and fibrinogen), hypothermia and tissue damage severity (chest, abdomen, pelvis, epithelial tissues): stable, borderline, unstable and critical. Allocation of the borderline condition has gained importance when providing a rationale for damage control strategy that obtained wide recognition in polytrauma treatment [5] . RISC II predictive model (Revised Injury Severity Classification II) involves the following predictors of fatal outcome in polytrauma: two highest AIS scores, AIS score for head injury, age, gender, reaction time and pupil size, motor function according to GCS scale, type of trauma (blunt or penetrating), the patient's condition assessment according to ASA scale (American Society of Anesthesiologists), systolic blood pressure, acidosis (base deficit), coagulopathy (INR) and hemoglobin, the need for cardiopulmonary resuscitation. Taking into account the two highest AIS scores, AIS score for head injury in separate variables significantly improved the predictive power of the model. Such variables as injury mechanism, severe fractures of the pelvis and shock index have not been included in RISC II and obtained no statistical significance [13] . RISC II system has high prediction accuracy and outperforms TRISS scale [2], but has less predictive value in polytrauma with severe TBI [111] .
In addition to anatomical and physiological criteria, such factors as delay in hospitalization and untimely diagnosis [43], the need for massive blood transfusions [7, 44, 86] , artificial lung ventilation and emergency surgery [89] are considered to be independent predictors of fatal outcome in polytrauma. Other studies provide no evidence of the impact of the time period from injury to hospitalization and emergency surgeries on death risk [13, 24] .
Conclusion
Quantitative approach based on predictive scoring systems is recognized to be the most suitable method for objective evaluation of polytrauma severity. Creating a universal scale is complicated by variety of injuries and disorders caused by polytrauma and insufficient study of injury outcome predictors. The proposed survival rates and prognostic factors are tied to specific polytrauma databases differing in terms of mortality and quality of medical care, which is reflected in their predictive value. A clear definition of polytrauma and formation of a unified system of assessing its severity would allow physicians to standardize treatment policy, perform comparative analysis of treatment results, objectively solve the problems of organization and financing medical aid to seriously injured people. reviews Study Funding. This study was not supported by any financial sources.
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